In another paper of the series, we pointed out that when bacteria from typical smooth colonies of mouse strains of B. enteritidis are grown under certain environmental conditions, they become transformed into mucoid and rough colony forms (1, a). Organisms from these "variant" colonies, especially the smooth, mucoid, and rough bacteriophage-resistant forms, were found to differ in certain respects from those of the original smooth strain (1, b). One of the distinguishing characters proved to be loss of virulence, a change which also was effected experimentally by placing smooth type bacteria in contact with bacteriophage. It is proposed now to describe the titrations of virulence carried out and to give details of two additional experiments which partly explain the virulence mechanism involved.
In another paper of the series, we pointed out that when bacteria from typical smooth colonies of mouse strains of B. enteritidis are grown under certain environmental conditions, they become transformed into mucoid and rough colony forms (1, a). Organisms from these "variant" colonies, especially the smooth, mucoid, and rough bacteriophage-resistant forms, were found to differ in certain respects from those of the original smooth strain (1, b) . One of the distinguishing characters proved to be loss of virulence, a change which also was effected experimentally by placing smooth type bacteria in contact with bacteriophage. It is proposed now to describe the titrations of virulence carried out and to give details of two additional experiments which partly explain the virulence mechanism involved.
The question of the measurement of bacterial virulence has been referred to at length elsewhere (1, c) . At this time it is sufficient to emphasize again the necessity of controlling the dosage variable by using known numbers of bacilli, and the host factor by inoculating a sufficient number of mice of one race, similar age and weight, and with no previous exposure to the specific infection. The bacteria should be introduced by way of the normal portal of entry, and the mice should then be placed in separate cages in order to reduce the number of bacilli reingested. Under these conditions the reaction of an adequately large group of mice should be relatively constant, a definite number of individuals dying at a relatively constant rate, others recovering, and still others remaining apparently unaffected.
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INFECTION. IV
These effects may be shown graphically by plotting total mortality per cent against time.
The mice employed in the titmtions recorded below came from the Rockefeller Institute breeding room. They consisted of an albino strain, inbred for 15 years. At the time of inoculation each animal was 12 to 14 weeks old, and weighed 18 to 20 gm. They are believed to have been unexposed to B. enteritidis mouse typhoid, although a very occasional carrier (less than 1 per 1000) has been encountered from time to time among the stock animals (1, d) . After inoculation by stomach tube, each animal was placed in a separate glass jar in a special room cared for by an experienced attendant. Experiment /.--The first test was made with the smooth type stock strain No. 3, obtained in 1922 from a case of spontaneous mouse typhoid (1, a, b). Its virulence was determined carefully in 1923 and found to be relatively constant and high (1, c) . Since that time it has been kept in the ice box on an agar slant and transferred at irregular intervals. During October, 1925, the culture was treated with bacteriophage. This, when added to broth or agar cultures of the bacilli, led to the appearance of typical smooth, mucoid, and rough colony variants which were resistant to lysis. The desired variant colonies were transferred to stock agar slants and identified and examined for type purity with a minimum number of subcultures.
Transfers from the stock agar cultures of the original smooth type and the mucoid and rough variants were made to broth and incubated for 17 hours at 37 ° . The following day suitable dilutions were made, plates were poured for counting colonies, and ½ cc. of the 1-100 broth dilution of each culture was given per os to three series of mice. Each of twenty-seven mice received about 5,000,000 of the original smooth type bacilli; twenty-six mice, about 7,500,000 mucoid variant bacilli, and twenty-seven mice 10,000,000 of the rough type. Each culture employed was found to be type-pure. Mice found dead from day to day during the experiment were autopsied and cultured from heart's blood, spleen, and intestine. The types and relative numbers of organisms were determined. Fecal cultures on all mice 3 days before inoculation were negative. 11 and 31 days after inoculation the surviving mice were cultured to determine the presence of/L enteritidls in their feces.
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i~t~T d~ ~d c ~ The protocols of this experiment are summarized in Table I and  the specific mortality figures plotted in Text- fig. 1 . 82 per cent of the mice receiving organisms of the original smooth type died, all showing pure cultures of smooth colonies in heart's blood, spleen, and intesfine, and 9.1 per cent showing besides a few mucoid forms. The mortality rate (82 per cent) corresponded almost exactly to that observed with the same strain 2 years previously (1, c) . No mouse typhoid bacilli were obtained from the stool cultures of the survivors. 23 per cent of the mice receiving the mucoid strain died. At autopsy one showed the mucoid type only; four mucoid and smooth types, and onethe smooth type alone. Five of the survivors showed mucoid types in their feces 11 days after injection, and only one at 31 days. From the remainder no mouse typhoid bacilli were obtained. 22 per cent of the rough culture group died, and at autopsy one yielded no mouse typhoid bacilli from heart's blood, spleen, and intestine cultures, three rough forms only, and two both rough and smooth forms. Of the survivors five showed rough forms 11 days after injection, and one at the end of the 31 day period.
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From the results of this virulence titration we conclude that the smooth type strain No. 3 of B. enteritidis is of relatively high pathogenicity, with exactly the same virulence as 2 years ago, and that its mucoid and rough variants are markedly less virulent. In the tissue of the mouse the smooth culture remained type-pure and virulent, except for the presence of an occasional mucoid colony, 1 while in many instances the mucoid and rough variants tended to revert quickly to the original smooth form.
2 weeks after the first titration a second was made, in order to compare the virulence of reverted and original smooth cultures. The technique employed for the inoculations was similar to that used in Experiment 1. Twenty mice received 5,000,000 bacilli of the original smoothsusceptible culture No. 1; twenty received 5,000,000 of the reverted smoothsusceptible No. 2 forms; twenty were given 4,500,000 of smooth-susceptible No. 3, and twenty 7,500,000 of smooth-susceptible No. 4 cultures. Each culture was tested carefully for type purity and specific characteristics. As far as could be determined, they were identical.
The specific mortality for each group is plotted in Text- fig. 2 . The close similarity in amount and rate of deaths in the various groups indicates that the virulence of the different reverted smooth type cultures was the same as that of the original strain.
A further titration was made to test the virulence of recently isolated single cell cultures of smooth and variant strains of B. enteritidis. 1 Plates were examined at 24, 48, and 72 hours. The presence of mucoid colonies was attributed to the fact that the plates had been left at 23 ° after 24 hours incubation at 37 ° (1, a). blood, spleen, and intestines. A single cell strain was procured from the heart's blood culture by Reimann's technique (2) . A high titre bacteriophage was then obtained by daily passage and filtration of this single cell smooth type strain. This bacteriophage, added to young broth cultures of the single cell smooth type strain, gave rise to mucoid and rough variants resisting lysis. From these variant colonies single cell cultures were obtained, identified serologicaUy, and tested for type purity. 17 hour broth transfers from the stock agar slants of these various single cell cultures (Text- fig. 3 ) were suitably diluted in broth, plated, and administered by stomach tube in ½ cc. volume to four groups of mice. Each of twenty mice received 5,000,000 of the original smooth-susceptible strain; twenty were given 9,600,000 of the smooth-resistant variant; twenty 5,500,000 of the mucoid-resistant variant, and twenty 5,000,000 of the rough-resistant form. The animals were then placed in separate jars and treated precisely as in Experiments 1 and 2. On the following day the colonies on the dilution plates were examined carefully for type purity and identified serologically. All proved type-specific. The results are summarized in Table II and specific mortality rates are plotted in Text- fig. 4 . 95 per cent of the mice receiving the original smooth-susceptible type died. At autopsy smooth colonies were obtained from each animal and in addition mucoid forms from eight. Eight mice receiving the smooth-resistant variant succumbed; from one a mucoid form was recovered; from the remaining seven no mouse typhoid bacilli were obtained. 75 per cent of the mice given the mucoid-resistant culture died. Of these only 25 per cent showed/3.
enteritidis. Mucoid forms alone were present. 90 per cent of the rough series succumbed--only 45 per cent harbored the specific organisms. From 35 per cent of these, rough colonies alone were cultured; from one, both smooth and rough, and from one other smooth types alone. Thus, two discrepancies were encountered in this experiment: first, the appearance of mucoid colonies in autopsy cultures of mice which had received smooth forms, and second, the death of a considerable number of mice giving negative autopsy cultures. The first peculiarity is explained by the fact that the autopsy plates were often left at room temperature after 24 hours incubation; the second we are not able to explain at the present time. It is interesting to note, however, that nearly all mice giving negative cultures died within the first 6 days, a period below the usual incubation time.
If specific deaths are plotted with reference to time, as in Text- fig. 3 , the results appear quite consistent with those of the first two experiments, and indicate that the recently isolated single cell, smooth- susceptible culture is of high virulence, as in the case of those previously titrated, and that the single cell variants--smooth-, rough-, and mucoid-resistants--are relatively of low pathogenicity. Finally, there is further corroborative evidence that in the animal tissues the variant types (in this experiment, the rough form) revert to the smoothsusceptible type. On December 23, 3 days after the last series was inoculated, a fourth titration of the same and other variant cultures was carried out. single cell, mucoid-resistant variant from SS 1 used in Experiment 3, and MS 1, a single cell, mucoid-susceptible variant, obtained from an agar plate culture of the original SS 1, after three daily broth passages. Each culture was given to twenty mice---7,600,000 to each mouse in the SS 1 group; 5,900,000 to each in the SS 2 group, and 5,000,000 to each in the MS 1 and MR 1 groups. Tests for identification and type purity observations and autopsies were made precisely as in the previous experiments. All colonies on the dilution plates were typepure and specific. The results are shown in Table III and Text- fig. 5 . 90 per cent of the mice receiving the original SS 1 culture died, and showed at autopsy smooth-susceptible colonies in the heart's blood and spleen culture plates. In two cases besides, a few mucoid colonies were present. 95 per cent of the SS 2 series died: 85 per cent with smooth-susceptible colonies in heart's blood and spleen cultures, and 10 per cent with no typhoid organisms whatsoever. 70 per cent of the MS series died; from 50 per cent type-specific organisms were recovered; from four, no mouse typhoid bacilli. 55 per cent of t h e M R series succumbed; 40 per cent with mucoid-resistant colonies in the autopsy cultures, one mouse with mucoid-susceptible forms, and two with no typhoid colonies. culture, from the mucoid-resistant MR strain, and RS, a single cell, roughsusceptible culture, from the smooth-resistant SR strain.
On January 13, 1926, 17 hour broth cultures from the stock agar slants were diluted in broth, plated, and given per os to twelve series of mice. Each series consisted of twenty animals obtained from the same source, and cared for in the same way as those used in the previous experiments. The dosage per mouse of each culture was as follows: SS 1, 9,000,000; SS 3, 7,500,000; SS 4, 9,000,000; SS 5, 9,000,000; SS 6, 8,875,000; MS 1, 7,250,000; MS 2, 14,000,000; MS 3, 5,000,000; RS 1, 4,250,000; SR 1, 7,625,000; MR 1, 6,750,000; and RR 1, 8,885,000. The SS 1, MS 3, SR 1, MR 1, RR 1, and RS 1 strains were also injected intmperitoneally into similar mice. Each strain was administered to twelve mice. Three received a dilution of 10-1; three, 10-s; three, 10-4; and three, 10 -s. The actual dosage in numbers of bacilli was calculated from counts of the dilution plates.
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On the following day the plates were tested for type specificity and purity. The mice placed in individual jars were observed for a period of 2 months, and those dying were autopsied and cultures were made from the spleen, heart's blood, and intestines. The types and relative numbers of B. enteritidis colonies were determined by inspection, sugar fermentation, agglutinability in specific sera, and lysis in bacteriophage-containing broth.
The dilution plates of each culture, after 24 hours incubation, showed type-specific and pure colonies. Text- fig. 6 shows the results At autopsy mice receiving the RR cultures showed, instead of RR colonies, the original smooth-susceptible forms in large numbers. Mice from the other groups showed only type-specific colonies.
The results of the per os inoculations are shown in Text- fig. 7 , and the autopsy protocols in Table IV In nine mucoid-susceptible forms were obtained, and in two smoothsusceptible forms. The effect of the mucoid-susceptible cultures, therefore, appears less severe than that of the smooth-susceptible forms, and colony type reversion from mucoid-to smooth-susceptible noteworthy. 75 per cent of the mice receiving the RS culture succumbed. From 45 per cent rough-susceptible colonies were obtained in pure culture. Seven of the smooth-resistant group died, two of which showed pure cultures of smooth-resistant B. enteritidis colonies. 85 per cent of the mucoid-resistant group died, 65 per cent with positive cultures of B. enteritidis. From these latter mucoid-resistant colonies were found iu twelve, and smooth-resistant in two. All the mice receiving the rough-resistant culture died, and from each animal smooth-susceptible forms were obtained in pure culture. Thus it is seen that the rough-susceptible and mucoid-resistant forms are of comparatively low virulence, and that the smooth-resistant form is per-haps of lowest pathogenicity. The fact that the rough-resistant culture reverted to smooth-susceptible in the tissues of the mice makes this particular titration of no value, except to show the comparative instability of this colony type.
The results of the several titrations (Experiments 1 to 5) bring out the following facts: (1) The virulence of type-pure, smoothsusceptible cultures was similar and relatively high. Single cell strains fresh from mice, or preserved at 4°C. for more than 2 years, or recovered from so called "reverted variants" after broth or mouse 
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Colonies. Experimem 6.
• Group receiving smooth-resistant After Group receiving smooth-susceptible organisms organisms injection The titrations described above indicate that the greatest differences in virulence occur between strains from bacteriophage-susceptible and bacteriophage-resistant colonies. An attempt was made to determine the cause of the reduced virulence on the part of the strains from bacteriophage-resistant colonies.
Experiment 6.--Single cell cultures of smooth-susceptible and smooth resistant strains of No. 1 were taken from the stock slant and grown 18 hours in broth. Each was then diluted 1:1000 in broth and 1 cc. given intraperitoneally to six mice. This dosage determined by the dilution method proved to be 850,000 organisms of the smooth-susceptible culture and 1,250,000 of the smooth-resistant. Immediately after injection, and at 1, 2, 4, 6, and 24 hours thereafter, each mouse's peritoneal cavity was aspirated by means of a short, beveled No. 24 syringe needle, and 1 drop of the exudate spread over the surface of agar plates. The number of colonies resulting and the fate of the two groups of mice are shown in Table V washed four times in distilled water, tested for acid aggiutinability in buffers, for lysis in broth, and injected intraperitoneally into mice. Ten mice were given 12,000,000 of the smooth-susceptible bacteriophage organisms, and ten 120,000; ten received 10,000,000 smooth-susceptible control organisms, and ten 100,000. Peritoneal aspirations were made at 2 and 24 hours. The results are shown in Tables VI, VII, and VIII.
The titre of the bacteriophage-phosphate control proved to be 10 -~, while that of the supernatant in contact with the smooth-susceptible organisms was 10 -1 (Table VI) . Thus, there was evidence that bacteriophage had been adsorbed by the smooth-susceptible cells at 4°C. (previous paper). These cells agglutinated at pH 3.5 to 4.03 in acid buffers, while the control suspension did not (previous paper) (Table  VII) . Finally, aspirations made from mice receiving the smoothsusceptible broth control cultures showed that multiplication in vivo had occurred, while those from mice receiving the smooth-susceptible bacteriophage cultures showed no multiplication, and after 24 hours no survival of the bacteria. Only one of these latter mice died, while all of the former, 10,000,000 group, died within 4 days, and the 100,000 group in 7 days (Table VIII) . Suspensions transferred to broth did not undergo lysis; probably, therefore, they did not lyse in vivo.
This experiment indicates, therefore, that bacteriophage, presumably by coating the surface of smooth-susceptible cells, prevents multiplication in the tissues of the animal and therefore renders the organisms practically non-virulent. The per os inoculation tests, in which it was found that the bacteriophage-resistant variant colony strains given by the normal portal of entry did not survive within the organism, are probably to be explained in the same way. DISCUSSION. The virulence titrafions of B. enteritidis described in this paper have been rigidly controlled; in most instances, single cell strains were used. They show definitely that cultures from mucoid and rough bacteriophage-resistant colonies are less virulent than those from the typical smooth-susceptible colonies. The results agree with those of Arkwright (3), Topley (4), Bronfenbrenner, Muckenfuss, and Korb (5), Jordan (6), Goyle (7), and others who have studied the paratyphoidenteritidis group, but are distinctly at variance with d'H~relle's (8) statements that cultures from resistant colonies are of greater pathogenicity than those from the typical smooth type colony. Furthermore, the tests indicate that type-pure cultures from the common smooth colonies are of similar virulence, whether obtained from mice in epidemic or endemic periods, or from stock agar slants kept for 2 years at 4°C. In this respect, the results agree in general with those of Smith and Nelson (9) as well as with our own earlier work with mouse paratyphoid (B. pestis cavi3e) (1, b) , and rabbit pasteurella organisms (Bact. lepisepticum) (1, e) . Topley and his associates (10), on the other hand, consider that the virulence of smooth type cultures of mouse typhoid bacilli fluctuates to a significant degree. Finally, we have shown that the loss of virulence of variant strains from smooth-, mucoid-, and rough-resistant colonies is due to the fact that they do not multiply in the tissues of the host, and we have suggested the possibility that this inability to grow is due to a coating of the bacilli by bacteriophage.
The data contained in three papers of this series (II, III, IV) show clearly that the colony type transformation from smooth to mucoid and rough is reversible; accordingly they agree with the results of Jordan (6) . It must be noted, however, that in this respect the intestinal group of bacteria appears to differ from bacteria of the respiratory tract. For example, Bact. lepisepticurn, B. friedlanderi, Bact. diphtherise, and streptococci change from smooth to rough, but as yet no demonstration of the reverse transformation from rough to smooth has been made. The nature of the change is not known; in the case of B. enteritidis mouse typhoid organisms, it seems to be acquired rather than hereditary; while the transformations of the respiratory tract organisms mentioned above appear relatively permanent. However, the term "mutation" is not justifiable (d'H6relle), nor does the "life-cycle" theory (Hadley) find support in our own experimental observations. At present, therefore, two general types of transformation may be recognized: the relatively permanent changes associated with organisms of the respiratory tract and the easily reversible changes of intestinal tract bacteria, where temperature, characteristics of medium, and presence of bacteriophage appear to determine the process. A final and complete explanation, however, must await further experimental observations. The importance of bacterial transformations in determining the amount and severity of disease is, we believe, relatively slight. And this despite the following facts: (1) that variants of low virulence may be derived experimentally under conditions similar to those prevailing in nature and that they revert again to the original virulent forms; (2) that some of these variants are known to exist "naturally;" and (3) that these variants may possibly revert in nature to the forms of high pathogenicity. Far more significant is the fact that these variant strains are neither common nor abundant in nature and that the smooth type colony is generally known to prevail during all phases of disease, endemic and epidemic. Our own studies of experimentally induced epidemics are confirming this belief amply and demonstrating besides that the virulence of these common smooth type colony cultures is at all times relatively constant.
CONCLUSIONS.
1. Single cell mouse strains of B. enteritidis from smooth-susceptible colonies were, under the various conditions tested, of the same high degree of virulence. 2 year old cultures, strains obtained both in interepidemic and epidemic periods, and "reverted" strains from variant co!onies showed the same degree of pathogenicity.
2. Single cell strains from variant smooth, mucoid, and rough phageresistant colonies were definitely less virulent than the usual smoothsusceptible strains. The loss of virulence in each instance resulted apparently from contact with bacteriophage which rendered the individual cells incapable of multiplication in the animal tissues.
3. A reduction of virulence was induced experimentally when washed cultures of the highly pathogenic smooth-susceptible cells were exposed to bacteriophage and thus rendered incapable of multiplication in the inoculated animals.
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